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Foreword and Acknowledg?nents
Demands for water are expanding rapidly in Iowa. These growing 
demands are bringing forth many problems of water use and control. 
These problems are complex and involve many fields of study.
Considerable information important to the understanding and solu­
tion of our water problems is available from research and^  varied action 
programs. However, there is a real need for bringing this knowledge 
together so it may be used most effectively; and there is need for en­
couraging new studies where information is lacking.
To help meet this need, a water resources seminar was held on the 
campus of Iowa State College during the spring of 1956. The seminar 
was planned and sponsored by the Division of Agriculture, Iowa State 
College, and the Agricultural Law Center, College of Law, University of 
Iowa. Participating in the seminar were representatives of federal, 
state and local public institutions and agencies concerned with various 
aspects of water use and control. Thirty-six people presented papers 
dealing with the latest and most relevant information. These papers 
are now available in a book entitled “ Iowa’s Water Resources”— edited 
by J. F, Timmons, J. C. O’Byrne and R. K. Frevert, and published by the 
Iowa State College Press, Ames.
In addition, a condensed and somewhat popularized version of many 
of the seminar papers is presented in this publication. It reviews Iowa’s 
water problems from the standpoint of sources, uses, economic and 
legal aspects and possible solutions.
Those interested in a complete report of the water resources semi­
nar should refer to the above-mentioned book. The information pre­
sented in this bulletin was drawn from papers prepared by the following 
authors :
R. H . Shaw and G. L . Barger, Iowa State College; V . R . Bennion, U . S.
Geological Survey; H . G . Hershey, State Geologist; G . O. Schwab, Iowa 
State College; F . W . Scha lle r, Iowa State College; Paul Jacobson, Soil 
Conservation Service ; G . M . Browning, Iowa State College; G . C . Ahrens,
O ttum wa W ate r W o rks; T .  E. Davidson I I ,  Iowa Development Com ­
m ission; L . F . Faber, Iowa State Conservation Com m ission; E. R . Baum ann,
Iowa State College; R . L . M orris , U n iversity o f Iow a; E. 0 .  Heady and 
J .  F . Tim m ons, Iowa State College; L . M . Adam s, United States D epart­
m ent of A g ricu ltu re ; Eugene D avis, A tto rney a t Law , Des M oines; H . H .
E llis , United States Departm ent of A g ricu ltu re ; R . L . Sm ith , Kansas W ate r 
Resources Board; W endell Pendslton, Iowa Study Com m ittee on W ate r 
R ights and Drainage Law s; R . W . Ke llum , Ind iana Flood Control and W ate r 
Resources Com m ission; J .  C . O 'Byrne , U n iversity  of Iowa.
The writers of this publication gratefully acknowledge the contribu­
tion of the above authors. We are also grateful to the Iowa State College 
Press for releasing the information in their book for this purpose.
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The Water Problem in Iowa
By F. W. Schaller and B. G. Riley
Water deficiencies throughout Iowa and other 
Midwest states the past 3 years have re-empha­
sized the importance of water to our farms and 
cities. Cities have had to resort to more costly 
means of procuring adequate water for their 
citizens. Farmers have been digging deeper wells, 
constructing ponds and hauling water to meet 
their domestic and livestock needs. Many farmers 
have started to use or have contemplated using 
water from streams and wells to irrigate their 
crops. Industries are becoming increasingly con­
cerned with the availability of water as a major 
factor in locating and expanding plants.
Experience during the last 3 years has demon­
strated that water problems are aggravated peri­
odically by rainfall deficiencies. However, these 
periodic aggravations emphasize but do not ex­
plain the basic water problem before us. In the 
main our water problems result from greatly 
increased demands upon available water supplies. 
These increasing demands stem from two factors: 
(1) a growing population and (2) an increasing 
per capita consumption. These two elements of 
the increasing demand for water show no in­
dication of relaxing their rates of increase.
Water problems tend to be complex since they 
embrace physical, economic' and legal elements. 
Yet it is urgent that all citizens have an under­
standing of basic water problems. Water is a 
vital resource and everyone in Iowa has a stake in 
its use, consumption and control.
It appears that we are on the threshold of es­
tablishing a clarified water policy in Iowa which 
may eventually lead to new legislation. A clear 
policy is essential if we are to resolve the conflicts 
and minimize the uncertainties associated with 
water use. Action is urgent, but urgency should 
not compromise the thoroughness of study and 
planning needed to resolve the problems to the 
best interest of Iowa people.
It is the purpose of this bulletin to present avail­
able facts dealing with Iowa’s water resources. 
The material is presented under five general head­
ings: (1) Sources and Supplies of Water, (2) De­
mands for Water, (3) Economics of Water Use 
and Control, (4) Legal Aspects and (5) Possible 
Solutions to Iowa’s Water Problems.
SOURCES AND SUPPLIES OF W ATER
Precipitation
Precipitation falls on the land as rain, snow, 
hail, sleet a,nd dew and is the primary source of 
water. The amount, distribution and disposal of 
precipitation are prime factors in determining 
our available water supply.
Amount- and Distribution of Iowa Precipitation
The average annual Iowa precipitation based on 
83 years of record is 31.57 inches. It is not uni­
form over the state but decreases from southeast 
to northwest. (See fig. 1.) In the southeast it 
averages 34 inches. About one-half the state, the 
eastern and extreme southern part, has 32 inches 
or over. The northwest corner of the state re­
ceives less than 26 inches.
Distribution of precipitation varies widely from 
year to year. The year 1955 was one of the driest
* Extension agronomist, Iowa State College; and research 
associate, Agricultural Law Center, College of Law, State 
University of Iowa, respectively.
on record with only 23 inches. Only 1910 with 
19.89 inches and 1894 with 21.94 inches were 
drier.
How wet can it get? We’ve had 4 years since 
1873 with above 40 inches. In 1881, Iowa had 
44.16 inches. In more recent years, 1951 had a 
total precipitation of 42.22 inches, the third wet­
test year on record.
What- Happens to Precipitation?
When precipitation falls and reaches the ground 
it may run off, percolate into the soil or be held 
in surface storage. Most of the water which per­
colates into the ground is held within the root 
zone of growing plants. Water in excess of this 
storage will enter deeper soil depths, and some 
becomes ground water.
Annual runoff in Iowa has been estimated to be 
about 6 inches or 20 percent of the annual pre­
cipitation. This estimate was based on stream
5
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Fig. 1. Normal annua! pre­
cipitation (inches) based on the 
period 1899-1943. State average  
is 31.52 inches. (From Clima­
tological Data, Iowa Section.)
flow measurements from three streams in Iowa 
over a 20-year period.
Percolation losses under different crops have 
been measured at the Soil Conservation Experi­
mental Farm near Shenandoah and found to range 
from 1.5 to almost 4 inches annually. This was 5 
to 12 percent of the annual precipitation. The 
value of 8 percent obtained on the three corn 
plots might be taken as a general average for per­
colation.
Water is also lost by evaporation from the soil 
surface and by transpiration from growing plants. 
These two elements of loss are measured together 
and collectively called evapo-transpiration. On the 
basis of data from the Soil Conservation Experi­
mental Farm, evapo-transpiration losses have been 
estimated at 20 to 25 inches annually.
If we add the values for runoff, percolation and 
evapo-transpiration we see what happens on the 
average to the yearly precipitation. This is shown 
in table 1.
Tab le  1. Estim ated W ate r Losses.
Inches State total* (trillion gallons)
Runoff ........................ .................... 6.0 5,700
Percolation ................ .................... 2.3 2,200
Evapo-transpiration .................... 23.3 23,000
*Based on 35,457,720 acres and 27,154 gallons per acre inch.
6
Surface Water
Surface water is an important source of water 
for domestic, agricultural, municipal and indus­
trial use in Iowa. The main supply is found in our 
natural streams and lakes, although man-made 
lakes and reservoirs are also important.
Stream-Flow and Lake Measurements
The surface water resources of Iowa are best 
evaluated by a study of basic stream-flow and lake 
measurement data. Some 90 stream-flow and lake 
measurement stations are now being maintained 
in Iowa to collect accurate stage and discharge 
records. These records vary in length from a few 
months to over 50 years.
The records for three gaging stations have been 
partially analyzed to determine stream-flow dis­
tribution for a 20-year period, 1933-53. These 
stations were selected to represent the north cen­
tral, the central and the southeast sections of the 
state. They included Lime Creek at Mason City, 
the Raccoon River at Van Meter and the Fox 
River at Wayland, Mo.
Records from these stations show that the aver­
age runoff was about 6 inches per year during 
the 20-year period. This is about 20 percent of 
the yearly precipitation; in other words, for 
every 5 inches of precipitation that occurs in Iowa 
about 1 inch shows up as runoff in the streams.
6
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And this represents the amount of surface water 
available for use in the state.
Stream-Flow Distribution
The distribution of water in Iowa streams is 
quite regular in both wet and dry years. How­
ever, it varies widely for different months of the 
year. Approximately 50 percent of the total run­
off each year occurs from April to June. About 
20 percent occurs from July to September. Thus 
70 percent of the runoff occurs during the 6-month 
period April to September. This leaves a very low 
level of runoff (30 percent) from October to 
March.
It is important to note that stream-flow dis­
tribution is unfavorable from the standpoint of 
using surface water for irrigation. The period 
when much water is needed for irrigation is dur­
ing mid or late summer. At this time stream flow 
is generally lowest or, at best, less than 25 percent 
of the average for the year. This might mean 
that it would be necessary to store water in 
reservoirs during the spring months when it is 
most plentiful.
Low stream flow from August through January 
is often the bottleneck in surface water supply 
for industry. Industrial plants find it necessary 
to set their maximum requirement at the low 
stage or to supplement this critical period by build­
ing storage facilities.
Stream pollution and disposal of industrial waste 
are problems that occur during periods of low 
flows in nearly every community in Iowa with a 
population of 10,000 or more. These problems 
will become more acute with increased population 
and industrial expansion. It appears, however, 
that there is adequate surface water for sani­
tation in most areas if storage could be provided 
to supplement low flows.
Amount- of Surface Water Used
Factual data are not available to estimate the 
amount of surface water being used in Iowa at 
the present time. However, it is well known that 
the main source of supply for the cities and towns 
in south central and southwestern parts of Iowa 
is surface water. Most of the present supplies 
are from stored water rather than from streams.
Flood and Sediment- Damage
We cannot ignore the fact that considerable 
damage results practically every year from floods 
along major and minor streams. This problem is 
being attacked through flood-control reservoirs, 
detention dams, channel improvement, watershed 
treatment measures, etc. In planning flood-control 
projects, serious consideration is and should con-
A gaging station on the Iowa R iver near M arshalltow n. 
S im ila r stations are located on other stream s in Iowa and 
are used to collect w ater stage and discharge records.
tinue to be given to storing water for subsequent 
use. In this way low stream flow could be supple­
mented when necessary, and good use could be 
made of water which now passes beyond our 
borders.
In addition to flood damage We also have prob­
lems resulting from sediment deposition. At the 
present time there are 10 stations in Iowa at which 
the amount of suspended sediment carried by 
streams is measured. Sediment carried by streams 
creates a serious problem where water supply, 
drainage and flood-control projects are developed. 
Land treatment measures applied to contributing 
watersheds are effective in reducing sediment. 
Such measures include the use of good rotations, 
contouring, terracing, strip cropping, grass water­
ways, etc.
Subsurface Wafer
More than 85 percent of the people of Iowa rely 
on underground sources for their water supply. 
Recently the Geological Survey, with the aid of 
other state agencies, estimated the ground water 
use in Iowa. See table 2.
Tab le  2 . Estim ated Use of Ground W ate r in Iow a .*
Ground water used 
(million gallons per day)
Industry .........................   180
Municipalities ............................  100
Rural users ................................  150
Total ....................................... 430
*Estimated by the Geological Survey and other state 
agencies.
Ground water in Iowa occurs in the unconsoli­
dated materials overlying bedrock and in the bed­
rock itself. The unconsolidated or loose material 
includes glacial drift and alluvium. Glacial drift
7
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is ground up soil and rock left on the surface by 
glaciers. Alluvium is soil material transported 
and laid down by water. The bedrock water 
sources are of several kinds and will be described 
later.
Glacial Drift and Alluvium
The location of glacial drift materials and al­
luvium in Iowa is. shown in fig. 2. The thickness 
of the drift ranges from a feather edge to 600 
feet (in Crawford County). Over much of north- 
# west Iowa the drift is 300 to 500 feet thick. Al­
luvium is shown only in the Mississippi and Mis­
souri river valleys because elsewhere it cannot be 
suitably mapped on the scale presented here.
Large quantities of water are obtained from the 
alluvial and glacial outwash sands and gravels 
found in most of the major stream valleys in the 
eastern, northern and northwestern parts of the 
state. Similar water-bearing beds are found spar­
ingly in south central and southwestern Iowa, 
where glacial drift is thin. Elsewhere under the 
uplands and slopes, large quantities of water are 
rarely found. But small quantities are commonly 
found and are widely used as low-production do­
mestic and farm supplies. These sources include 
lenses and shoestring sand and gravel beds, and 
in some cases cracks in the glacial drift. Moder­
ate to large quantities of water are sometimes 
found as a result of ancient buried river channels 
or other unusual sand and gravel deposits. An 
example is the Poweshiek channel which starts 
south of Muscatine and flows through Belle Plaine 
to Marshalltown.
Water from glacial drift and alluvium is com­
monly low in minerals except for iron. Sometimes 
water from very deep drift is highly mineralized. 
The quantity of water from shallow wells varies 
with local precipitation and consequently may fail 
during extended drouths. Water from the deep
8
wells is not dependent on local precipitation, so 
the supply is more dependable.
Bedrock
Bedrock is commonly identified and grouped ac­
cording to geologic age. (Fig. 3.) The oldest con­
solidated rocks in Iowa yielding water are the 
Paleozoics which range in age from the Cambrian 
to Pennsylvanian. There are many types of rock 
in this group. The oldest of these are exposed 
in the northeast corner of the state, the youngest 
in the south central and southwestern areas. In 
northern Iowa they dip south, in the east they dip 
southwest and west, and in western Iowa they 
dip east and southeast, forming a basin. This 
dipping of the rock markedly affects their near­
ness to the ground surface. For example, St. 
Peter sandstone, which belongs to this age, is 
about 755 feet below the surface at Mason City 
and 2,655 feet at Red Oak.
The best aquifers among the Paleozoic rocks 
are the Dresbach (Cambrian), Jordan (Cambrian) 
and St. Peter (Ordovician) sandstones and the 
limestones of Niagaran (Silurian), Devonian and
8
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Mississippian ages. The Dresbach sandstone is 
used for water only in extreme eastern Iowa. The 
Jordan and St. Peter sandstones are the most 
widespread and widely used in Iowa. In general 
they underlie all the state except in the northeast 
and northwest corners. Also the Jordan is missing 
in certain areas in the southwest.
The Niagaran and Devonian limestones are good 
water yielders in east central and northeastern 
Iowa. The Mississippian rocks are used for water 
in the central and southeastern parts of the state.
The youngest consolidated rocks in Iowa are 
cretaceous in age. They are found in the north­
western and western parts of the state. They are 
composed of shales, limestones and sandstones and 
occur as thick, almost flat-lying blankets overlying 
the beveled edges of the Paleozoic rocks. The only 
aquifer of importance in this sequence is the Da­
kota sandstone. It yields moderate to large quanti­
ties of water which tends to be highly mineralized 
yet acceptable for domestic and farm use.
The quantity and quality of water from con­
solidated rocks is highly variable from place to 
place. A single formation may yield large quanti­
ties of good water in one area, but in another area 
it may be highly mineralized or low yielding.
Increasing Ground Water Supplies
There is an important interrelationship between 
ground water and surface water. During high 
flows, surface water replenishes ground water 
supplies. During periods of low rainfall almost all 
the water in streams comes from ground water 
sources. Consequently, it would be advantageous 
to increase both surface and subsurface storage 
during high stream flow periods. This might be 
done artificially by water spreading, use of re­
charge wells, by ponding and by maintaining 
minimum low flows in our streams. All of these 
methods have been successfully tried either in 
Iowa or other states. But they have not been wide­
ly used here.
It is very evident that our knowledge of the 
occurrence and distribution of ground water re­
sources is inadequate. It has not kept pace with 
the increasing demand for water. A stepped-up 
program is needed to develop principles of ground 
water distribution and to map, appraise and in­
terpret our ground water resources.
Reservoirs for Surface Storage
Surface storage reservoirs provide a practical 
means of collecting and holding surface or sub­
surface runoff for later use. Such reservoirs may 
vary in size from the small farm pond to several 
hundred acres. The most common type of reser­
voir is one supplied by surface runoff. However, 
many reservoirs are also built to store water from
streams and springs usually in combination with 
surface runoff.
Reservoir Requirements
For reservoirs to be successful, certain require­
ments should be met: (1) The reservoir should 
have a suitable location consistent with water 
use and topography at the dam site, (2) the 
size of watershed should be adequate to fill the 
reservoir, (3) the reservoir should have sufficient 
capacity and depth, (4) the-underlying soil and 
dam should have good water-holding character­
istics, (5) the dam1 and spillways should be well 
designed, and (6) provisions should be made to
Farm  ponds, such as the one in th is picture, and other 
larger reservo irs provide a practical means of collecting  
and holding surface runoff for later use.
protect the dam reservoir and spillway from live­
stock and rodents.
In some soil areas of the state it is difficult to 
obtain satisfactory reservoirs because of the poor 
water-holding characteristics of the soil. Research 
and experience are finding ways to alleviate this 
problem. It may often be accomplished by (1) 
thorough compaction with special heavy equip­
ment, (2) placing core walls or diaphragm cut­
offs in the dam, and (3) adding to the soil a ma­
terial such as bentonite, which swells and there­
by seals the reservoir bottom.
Extent and Use of Reservoirs
The most suitable sites for reservoirs are in 
the southern part of the state (see fig. 4). In this 
area, the soils are generally suited for dam con­
struction, the substrata are quite impervious, and 
the topography is such that large volumes of water 
can be stored at reasonable cost. Many suitable 
sites are available in other areas of the state but 
they are not as extensive as in southern Iowa.
The number of farm ponds constructed in each
9
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Fig . 4. Location of suitable sites  for reservo irs and to al num ber of farm  ponds as of Dec. 31, 1955.
county of Iowa as of Dec. 1, 1955, also are shown 
in fig. 4. The total number for the state is 12,330. 
However, these reservoirs are primarily those ap­
proved by the Soil Conservation Service for federal 
cost-sharing. It is estimated that the actual num­
ber in the state may be twice this total. The Soil 
Conservation Service has estimated that an ad­
ditional 43,024 ponds are needed.
Many cities in southern Iowa are wholly or 
partly dependent on artificial reservoirs for their 
water supply. There are now about 23 cities or 
towns taking their water from reservoirs. These 
reservoirs have watersheds which range in size 
from 200 acres to over 10,000 acres.
There is one main stream flood control reservoir 
in Iowa as of 1956. Part of it is still under con­
struction. It is located at Coralville and has a 
surface area of 1,820 acres. In addition there are 
five other flood control reservoirs under study or 
in some stage of state or federal approval. These 
are located near Ames in the Skunk River, at Gil­
bert in Squaw Creek, at Rathbun in the Chariton 
River, at Saylorville in the Des Moines River, and 
at Red Rock in the Des Moines River.
Twenty-six large reservoirs have been built by 
the State Conservation Commission primarily for 
recreational purposes. They are scattered through­
out the state and range in size from 14 acres to 
640 acres. Nineteen of these receive their water 
from storm runoff. The remaining seven receive 
water from streams or springs.
Experience and studies conducted over many 
years indicate that storage reservoirs have a great 
potential for alleviating water problems, especially 
in southern Iowa. It is noted that careful engineer­
ing is necessary to insure proper location and good 
design, construction and maintenance.
Soil as a Wafer Reservoir
Approximately 20 percent of the average annual 
precipitation received in Iowa is lost through sur­
face runoff. This amounts to a layer about 6 
inches deep over the entire state. Obviously, if 
more of this water could be made to enter the 
ground where it falls, there would be more avail­
able for crop use and to recharge underground 
supplies. Also a reduction in runoff would lessen 
damage from erosion and floods.
10
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Soils Store Large Quantities of Water
Medium to fine textured soils in Iowa can store 
in each foot of soil about 2 inches of water usable 
by plants. Water entering the soil beyond this 
amount moves progressively into deeper layers 
and eventually into the ground water.
The upper soil layers on cropped land are sel­
dom at field capacity, that is, holding all the water 
they can. This is because water is constantly 
being lost by transpiration of plants and evapo­
ration from the soil surface. Consequently soils 
are usually receptive to storing rain as it falls.
Infiltration or Water Intake
To reduce runoff and bring about maximum 
storage of precipitation it is necessary to get all 
the water possible to enter the soil. This is fre­
quently a bottleneck, since there are many factors 
which influence the rate at which water infiltrates 
the soil surface. Infiltration in a soil is governed 
largely by its texture, state of aggregation, con­
tent of organic matter, amount and size of pores, 
depth to slowly permeable horizons and by ground 
cover and previous moisture.
Tillage and cropping practices markedly influ­
ence many of these factors.
Agronomic Practices to Increase Water Intake
The first essential to increase infiltration is to 
work out rotation programs for cropland which 
fit the soil type and topography. The kind of ro­
tation used has a very marked effect on soil struc­
ture or tilth. A soil in good tilth is open and 
porous. It can absorb water readily.
In most cases rotations should include grass- 
legume crops. Grasses improve soil structure be­
cause of their fibrous root systems which perme­
ate the soil and encourage aggregation. They also 
provide quantities of organic matter in their roots 
and stubble. Legumes exert similar effects but in 
addition add nitrogen to the soil. The nitrogen in­
creases the yield of all crops in the rotation and 
thus provides more organic matter which can be 
returned to improve soil tilth. Data from the Soil 
Conservation Experimental Farm near Shenandoah 
show that runoff from continuous corn averaged 
18.7 percent' annually. (This soil was Marshall 
silt loam with a slope of 9 percent.) But when a 
corn-oats-hay rotation was used, runoff was re­
duced to 8.8 percent. In the same experiment 
annual runoff from alfalfa averaged 2.2 percent 
and from bluegrass 1.2 percent.
Maintenance and improvement of soil fertility 
are very important as part of any program to keep 
soils in good tilth and receptive to absorption of 
rainfall. Thus lime and fertilizer become essential 
on many soils. They are often needed to establish 
vigorous stands of grasses and legumes. They help
keep all crop yields high, thereby providing good 
ground cover and large amounts of residue for 
returning to the soil.
Protecting the soil surface from the beating 
action of raindrops causes much greater intake 
of water and cuts runoff. Such protection mini­
mizes the dispersion of soil particles and prevents 
surface sealing, which slows down water intake. 
Surface protection is best provided under close­
growing crops such as grasses and legumes. It is 
also important to note that vigorous, high-yielding 
grain crops provide much more effective protec­
tion than weak, low-yielding crops.
Another way of protecting the soil surface from 
raindrop impact is through the use of surface 
mulches. There are seedbed preparation methods 
—called mulch tillage—which loosen the soil but 
leave all crop residues on or near the soil surface. 
These methods by providing a mulch cover com­
monly cut runoff by one-half or more compared to 
conventional tillage which leaves ,the soil bare.
Engineering Practices to Increase Water 
Intake
A number of engineering practices are avail­
able which help greatly to reduce runoff from all 
types of land. These include contour farming, ter­
races, diversions, waterways, ponds and detention 
structures. In addition special tillage methods 
which have agronomic as well as engineering as­
pects are important. In many cases engineering 
measures supplement or support agronomic prac­
tices. In other situations they are used alone.
Contouring and Terracing
It has been estimated that to adequately treat 
Iowa land for soil and water conservation would 
require terracing on about 8.5 million acres and 
contouring without terracing on about 4.5 million 
acres. Only a small part of this treatment is ap­
plied at present.
Contour farming reduces both runoff and soil 
loss. In 7 years of study on Ida silt loam soil in 
western Iowa (14 percent slope), it was found that 
runoff on contoured land was only 61 percent of 
the runoff from up-and-down-hill planting.
Two types of terraces are used in Iowa, depend­
ing on the kind of soil. In western Iowa on the 
permeable, deep loess soils, level storage-type ter­
races are used. In the rest of the state graded, 
drainage-type terraces are used.
Level terraces are generally designed to hold 2 
inches of runoff. Thus they are very effective in 
reducing runoff and holding more of the rain 
where it falls. An interesting study on the effec­
tiveness of level terraces was made on the Floyd 
River watershed in northwest Iowa. This indi­
cated that the record-breaking flood "of June 1953
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Terracing  and contour farm ing help greatly to reduce run­
off. T h u s  more w ater enters the soil, where it w ill be 
availab le for crop use or w ill recharge underground sup­
plies.
could have been tamed to the extent that the peak 
rate of runoff would have been reduced from 
66,000 to 30,500 cubic feet per second. This could 
have been accomplished by having level terraces 
on 37 percent of the watershed plus contouring 
and improved agronomic practices.
A new type of level terrace called the basin ter­
race is being used on steep land in western Iowa. 
These terraces also are designed to hold 2 inches 
of runoff. They are frequently placed below steep 
timber or pasture areas to cut runoff and to allow 
the building of ordinary level terraces on flatter 
slopes below.
Graded terraces have less influence on runoff 
than level terraces. Their main effect is to put 
runoff water into temporary storage, thereby re­
ducing flooding and soil loss. On small watersheds 
this will materially reduce peak discharges, but 
the effect diminishes as the watershed size in­
creases.
Diversion terraces act much as graded terraces 
and are mainly used to protect bottomland from 
flood runoff. Their effect on flood flows is similar 
to that of graded terraces.
Tillage Methods
In Iowa, seedbeds for corn and soybeans are 
usually prepared by plowing followed by disking 
and harrowing. Over the years this method has 
proven to be very satisfactory from most stand­
points. However, such seedbeds are compact and 
smooth, and water runs off easily. Other seedbed 
preparation methods are now available which leave 
the soil loose and rough, thus more favorable 
to water absorption. In addition costs are usually 
lower and erosion control is better.
The newest of these methods is called tractor- 
track planting or “plow-plant.” In this method 
plowing is delayed until planting time. Then plant­
ing directly follows plowing. For planting, the 
rear tractor wheels are set to row width so that 
the corn is planted in the firm area left by the 
wheels. This helps insure good stands. The area 
between the rows is left loose and cloddy, allow­
ing rains to soak in rapidly. Some farmers are 
using this method now, and it appears to have 
considerable promise.
Ridge planting corn is another way of holding 
more water on the land. In this method corn is 
planted on the top of ridges. The furrows between 
the ridges provide large capacity for holding water 
and more time for it to soak into the soil. Some 
farmers are trying it, but the method is new and 
more field testing is still needed.
Contour listing is a water-conserving method 
used considerably in western Iowa for planting 
corn and soybeans. Listing involves planting corn 
in furrows 4 to 5 inches below the soil surface. 
The furrows are placed on the contour and hold 
back water on sloping land. Contour listing works 
best on deep, permeable soils which drain quickly 
after rains.
On most soils of Iowa it is possible to use fur­
row openers on corn planters to help hold more 
rainfall. Furrow openers are disks which attach 
to the planter shoes. They open shallow furrows 
in the soil for the planting of corn and soybeans. 
Since the furrows are shallow they can be used 
on soils not suited for listing. When furrow 
openers are used on the contour, considerable more 
surface storage for rainfall is .provided than with 
normal surface planting.
All the tillage methods described appear to have 
a place and warrant wider use. They are designed 
primarily to increase surface storage of rain and 
provide more time for the water to soak into the 
soil.
DEMANDS FOR W ATER
Tab le  3 . A nnual W ate r Use in Iowa.
Gallons used 
annually 
(billions)
Percent
Manufacturing ............................  135 21.2
Nonmanufacturing ......... ..........  390 61.4
Municipal .......................... .......... 55 8.7
Agriculture ...................... .......... 55 8.7
Total ..................... .......... ' 635 100.0
‘Exact figures are not available on total water 
used annually in Iowa. A range of values may be 
obtained depending upon the assumptions used in 
making the estimates. However, the use estimates 
presented in table 3 have been used frequently 
and are based on the best information available. 
It is shown that 635 billion gallons of water are 
used annually for manufacturing, nonmanufactur-
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mg, municipal and agricultural purposes. This 
would be equivalent to 0.66 inch if distributed 
uniformly over Iowa.
Water for Agriculture
It is estimated that Iowa livestock consume 35 
billion gallons of water annually. Rural people 
use 20 billion gallons for domestic purposes. This 
is an annual total of 55 billion gallons.
Iowa’s 25 million acres of crops use about 12,500 
billion gallons annually, or about 20 times the 
total amount used for all other purposes. This 
water for crops is that supplied directly by rain­
fall and does not include supplemental irrigation.
The trend in recent years has been for the size 
of farms to increase and farm population to de­
crease. Partially offsetting this is the trend for 
urban people to move into rural areas on a non­
farming or part-time farming basis. It can be ex­
pected that rural families will increase their con­
sumption of water as homes and farm buildings 
become completely modernized. Today’s water 
consumption in Iowa rural areas is estimated at 
60 to 80 gallons per person compared with a 
national average of 137 gallons per person. Rural 
consumption can be expected to approach the 
national figure.
Looking to future needs of water in Iowa agri­
culture, we cannot overlook irrigation. In 1949, 
76 Iowa farmers irrigated 7,500 acres. In 1956, 
stimulated by dry years and improved equipment, 
401 farmers irrigated about 27,000 acres. This 
acreage probably received 7 to 9 billion gallons of 
water assuming an average total application of 10 
inches per acre. It is not probable that all of the 
25 million cropped acres in the state could be 
irrigated in any one year. But if they were, the 
water required would be about 6,250 billion gal­
lons, about 10 times the water now used for all 
purposes.
Water for Towns and Cities
Relatively little information has been assembled 
on municipal use and demands for water in Iowa. 
However, it is estimated (table 3) that Iowa towns 
and cities use about 55 billion gallons of water 
annually.
A look at municipal water demands for the 
nation as a whole will help shed light on problems 
facing Iowa towns and cities. In 1955 there were 
about 17,500 public water systems operating in 
the United States. These were serving localities 
of 200 or more persons. Ninety percent of all 
water supplies were in towns of 5,000 or less, and 
50 percent served the needs of towns of 1,000 or
less. In a single day’s time these public water 
systems provide 14 billion gallons for 108 million 
people.
The total per capita use of water in United 
States cities .is estimated at about 140 gallons. Its 
use is as follows: residential 50 gallons; industrial 
50 gallons; public (fire fighting, street washing, 
etc.). 10 gallons; commercial and industrial 20 
gallons; and routine losses 10 gallons.
The President’s Materials Policy Commission 
has reported water needs in 1950 and estimated 
needs in 1975. The increase in needs for water in 
the 25 years was estimated at 50 percent for 
municipal supply. This included both the effect 
of population increase and greater consumer de­
mand. The growth in population was estimated 
at 33.1 percent for the period. Thus the per 
capita increase in city water was about 1.5 times 
the population increase.
Municipal water supply increase may best be 
thought of in mass effect. For example, a city of 
10,000 in 1950 consumed on the average 140 gal­
lons of water per person per day or 1,400,000 
gallons total. In 1975 this city should have 13,300 
persons and with a 50 percent increase in water 
demand would use 2,100,000 gallons daily. This 
is an average per capita consumption of nearly 
160 gallons per person.
T h is  scene is a common one in many ioWa tow ns and 
cities. About 55 billion gallons of w ater are used annually 
by Iowa m unicipalities.
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Water for Industry
The industrial capacity of the United States has 
tripled since 1939. In the same period industry in­
creased its use of water 36 percent. The Presi­
dent’s Materials Policy Commission estimated that 
industry used 80 billion gallons of water in 1950 
and that by 1975 the amount would grow to 215 
billion gallons daily.
Major Uses in Industry
Much of the water used by industry is used for 
cooling. For example, a large electric generating 
station requires 500,000 gallons per minute or
A w ater cooling tower used in conjunction with an elec­
tric  generating station. In many Iowa industries that use 
large quantities of water, more than 50 percent of the in­
take is used for cooling purposes.
more for surface condenser operation. Large a- 
mounts of water for cooling are also used in the 
production of steel, synthetic rubber, aircraft 
engines and explosives. Other uses of water in 
industry are for processing, power generation, 
sanitary services, fire protection and miscellaneous 
(air conditioning, washing, etc.).
A survey by the National Association of Manu­
facturers in 1950 disclosed that in factories whose 
water intake was more than 10 million gallons per 
day, 54 percent was used for cooling, 32 percent 
in processing, 9 percent for boiler feed, 6 percent 
for sanitation and cleaning, and 4 percent for un­
classified operations. The total, which is more 
than 100 percent, includes 5 percent of the intake 
that was reused. In plants using less than 10
14
million gallons per day the use distribution was: 
cooling 23 percent, processing 36 percent, boiler 
feed 12 percent, sanitation 26 percent and unlisted 
uses 3 percent.
This same survey also revealed that 40 per­
cent of plants studied reused 24 percent of their 
water intake. The reuse of water is important as 
a means of stretching available water supplies and 
will logically increase as demands expand.
Water for Iowa Industries
The 1953 annual survey of Iowa manufacturers 
gives some information on water use. Only plants 
with a water intake of 20 million gallons or more 
annually were listed. It was found that the total 
water intake of these industries was 53 billion 
gallons in that year. Of this total intake 52 per­
cent was recirculated. It was noted that food 
processing industries accounted for almost half 
of the total water intake. Food processing, par­
ticularly meat packing, is the largest single manu­
facturing industry in Iowa.
The manufacturers’ survey also showed that 7.8 
percent of the fresh water intake was from pub­
lic water systems. The balance, 92.2 percent, was 
taken from company-owned water systems. For 
these company systems 55 percent of the water 
intake was from surface sources and 45 percent 
from ground water supply.
In general, up to the present time lack of water 
has not been an obstacle to the location of new 
industries in Iowa or to the expansion of exist­
ing ones. Furthermore, there is considerable evi­
dence that additional supplies for industrial ex­
pansion can be developed from both surface and 
underground sources.
Water for Fish, Wildlife and Recreation
The great importance of water for recreation 
requires its consideration in the over-all decisions 
of water use. The people of Iowa have a well ex­
pressed interest in the use of the state’s water 
resources for swimming, fishing, trapping, boat­
ing, nature study and other activities related to 
water and the outdoors.
Recreational Needs
There are approximately 2% million people in 
Iowa. In 1955 almost 600,000 persons were li­
censed to hunt, fish and trap. In addition many 
farmers, women and children participated in these 
activities without being required to have a li­
cense. Present surveys by the State Conservation 
Commission indicate that 525,000 people fished 
and 359,000 hunted during 1955. Thus a rather 
high percentage of the total population is in­
cluded.
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Adding all the fishing water in the state, we can 
only total about 300,000 acres. This is about 1 
percent of the total land area. Yet we find over 
20 percent of the state’s population directly in­
terested in using this 1 percent. The problem of 
providing hunting and fishing thus becomes one 
of meeting a large demand with very limited re­
sources.
A glance at swimming, boating and use of parks 
shows that in 1955, park attendance was recorded 
at 5,740,000 visitors. This number shattered all 
previous records. As usual, the 10 parks with the 
highest attendance records were those with lakes.
Marshes, Streams and Lakes
Surface water available in Iowa for fish, wild­
life and recreation can be broadly classified as 
marshes, streams and lakes. Shallow ponds and 
marshes are the most productive of all types of 
aquatic habitat. The water depth varies from a 
few inches to about 5 feet. Aquatic plants usually 
grow abundantly, providing the environmental re­
quirements of many mammals, birds and fish. 
Certainly due consideration must be given the 
recreational value of these areas when drainage is 
contemplated or when restorative and maintenance 
measures are needed.
Iowa’s streams and rivers are important produc­
tion centers of fish, game and outdoor recreation. 
A variety of types and conditions exists, each 
with its own beauty attractions, value and pro­
ductive capacity. It is essential that we keep our 
rivers and streams productive and increase their 
value whenever possible.
Most of the conditions which make streams un­
productive of fish are the result of malpractice on 
the watersheds supplying the streams. Intensive 
cultivation with inadequate erosion control prac­
tices results in large quantities of silt, which is 
carried into the waters during storms. Silt affects 
fish directly by covering the bottom of streams. 
This kills bottom fauna, reduces food and de­
stroys nests and spawning grounds. Protective 
measures must be encouraged on watersheds to 
insure cleaner water.
Lakes and ponds are the third major category 
of surface water for use in the production of fish, 
game and sources of recreation. There are the 
natural lakes of north central and northwestern 
Iowa, the oxbow lakes of western Iowa, the arti­
ficial lakes of central and southern Iowa and the 
many reservoirs and farm ponds now distributed 
over much of the southern half of the state. Many 
of the production factors and problems affecting 
streams and marshes are also present in lakes and 
reservoirs. Above all, a clean, dependable water 
supply is essential.
C lear Lake  on a sum m er holiday. W ater for recreation  
is of great im portance and requires consideration in the 
over-all decisions on w ater use.
Quality Versus Quantity of Water
Not only do we need an ample quantity of water, 
but the water available must also jjbe of suitable 
quality to fulfill its intended use.
Rural and Private Sources
Rural and private water users are first of all 
interested in the bacteriological quality of their 
water source. Samples for bacteria tests can be 
submitted to the State Hygienic Laboratory at 
Iowa City in sterile containers provided by the 
laboratory.
Private and rural water supplies are also tested 
for nitrate content. The nitrate ion, if present in 
amounts greater than 10 parts per million, may 
produce nitrate cyanosis or “blue babies” when 
used in food formulas. The presence of nitrates
».»!■
Iowa needs not only an ample quantity of w ater but w ater 
of suitable quality to fulfill its intended use. T h e  State  
H ygienic Laboratory at Iowa C ity  (shown here) provides 
w ater testing serv ice  to private, m unicipal, industrial and 
other users of w ater.
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is usually the result of surface drainage into a 
well. Nitrates cannot be removed. The only so­
lution is to prevent their entry.
Public Water Systems
Public water systems in Iowa use treatments 
necessary to meet standards for drinking water 
established by the U. S. Public Health Service. 
The type and degree of treatment required will 
vary with the source and quality of the untreated 
supply. Public water from underground sources 
is usually given treatments consisting of aeration 
for iron and gas removal, softening, sedimentation 
and chlorination. Water from rivers or reservoirs 
usually requires chemical coagulation and soften­
ing, flocculation, sedimentation, filtration and 
chlorination.
Industrial Systems
Industries which have their own water systems 
use treatments necessary to meet their specific 
plant needs and Public Health Service standards 
where required. Manufacturers are usually in­
terested in water which can be used without caus­
ing damage to equipment and machines and with­
out causing spoilage of product through stains, 
bad tastes or odors.
Pollution Is Increasing
Increasing population and location of diversified 
industries in Iowa have magnified the task of pro­
tecting our ground and surface water supplies 
against pollution and contamination. Domestic 
sewage and garbage disposal along with industrial 
wastes pose the most serious threat to the purity 
of water. The detection, evaluation and eventual 
correction or prevention of these situations is a 
serious and often costly problem. Examples of 
trouble range widely. There is often contami­
nation of ground and surface supplies by chemical 
wastes. Killing of fish occurs in streams and lakes 
due to industrial and domestic wastes. Finally, 
the aesthetic and recreational value of waters is 
lessened by these wastes.
Pollution can be controlled. It is not something 
which must be endured as a consequence of popu­
lation and industrial growth. There are notable 
examples throughout the country of successful 
pollution abatement programs. In all cases they 
involved and required close cooperation and action 
by both urban and rural people.
ECONOMICS OF W ATER USE
People throughout the humid as well as arid 
parts of the nation are gradually realizing that 
water can be a scarce resource and that steps 
must be taken to determine the economics of use 
and rights of control. As water becomes more 
scarce, its value increases and rights of use be­
come more important.
The use and control of water resources em­
brace three dimensions—the physical, the eco­
nomic and the legal. These dimensions are inter­
related and form a unified framework within 
which water resources are developed. The physi­
cal dimension indicates the range and limits of 
physical possibilities in terms of water sources, 
supplies and use. These have already been dis­
cussed in a previous section. The economic di­
mension is necessary in order to discover how to 
best satisfy people’s wants. It is the means of 
applying value, costs and other economic criteria. 
Finally,  ^ the legal dimension points out whether 
or not it is legally permissible to put into effect 
measures which meet both the physical and eco­
nomic tests.
Economic Objectives of Wafer Use
Planning and legislation in respect to water re­
sources should have one dominant goal: to maxi­
mize long-run social welfare from these resources. 
In other words, economic principle should serve 
as a guide to the physical control or use of water 
and a foundation for legislation. Historically over 
the nation, this ordering activity has been the re­
verse. Physical means of control have been initi­
ated or laws have been passed which either pro­
hibit or are not consistent with the most efficient 
use of water resources. Not only has the eco­
nomic product of states and regions thereby been 
curtailed, but economic inefficiency and inequity 
have caused considerable conflict.
Concern over water use occurs only when its 
supply is small relative to the demand. This gives 
rise to competitive alternatives. By competitive 
alternatives we mean that if water is used for one 
purpose, the amount used for another economically 
desirable purpose must be curtailed. When the 
supply is abundant, all ends can be attained and 
some of the supply may still go unused. Iowa has 
gone beyond the stage where supply is abundant, 
and we are beginning to feel the pinch of curtail­
ment.
Economic criteria can be established to specify 
efficient use of the water supply. The first inquiry 
should be focused on such matters as the supply
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of water, the total demand for it and the value 
placed by the public on particular uses.
Second, we must recognize that water has both 
detrimental and beneficial uses. To diminish a 
detrimental use may add as much to economic 
welfare as to extend a beneficial use. What we 
wish is use of water to help maximize economic 
welfare of society in total.
Third, we must view alternatives of water use 
in harmony with the rest of the economy. For ex­
ample, will society gain more from complete elimi­
nation of damages on the floodplain of a small 
watershed, or will the resources return more if 
used for increasing school facilities or for build­
ing a toll road? Water can be a scarce resource, 
but labor and capital are also scarce.
Economic Criteria for Attaining Objectives
There are two major conditions which must be 
attained in water use to maximize economic wel­
fare. These are (1) the efficient allocation of 
water between competing uses and (2) the equi­
table distribution of the product or income from 
water among individuals in the area considered. 
In other words, we must bring all alternatives in 
uses of water into focus and select those which 
are in line with the relative demand. Then we 
must allocate the opportunities to use water, or 
the income and benefits from water, in an equi­
table fashion between potential users and bene­
ficiaries.
Allocation Between Competing Uses
To attain the conditions of efficient water al­
location, three steps are necessary: (1) to de­
termine the supply of water including the total 
quantity and its distribution between localities 
and seasons; (2) to determine the alternative 
uses and hence the production possibilities; (3) to 
apply a choice criterion or yardstick for determin­
ing which uses or combinations of uses are most 
important relative to the wants or desires of 
society. The first two steps are largely physical 
in nature and can be accomplished without great 
difficulty. But the third step, which is largely 
social and economic in nature, is complicated and 
difficult to apply.
Choice Criterion
The choice criterion or yardstick normally em­
ployed in specifying how resources should be used 
is the pricing mechanism. Through the relative 
prices which consumers are willing to pay for 
products, consumers reflect the relative importance 
which they attach to each. Given these prices, 
firms—whether they be farms, industrial busi­
nesses or community enterprises—produce com­
modities and services in line with these prices or 
choice yardsticks.
This process is relatively simple when a single 
product or resource is involved. But^  when com­
binations of products or resources are the rule, as 
is true with water, the process is more compli­
cated. Here the substitution or sacrifice ratio 
among production possibilities must be considered 
to maximize profit. Profit is at a maximum if the 
rate of substitution between products is equal to 
the price ratio. That is, the substitution or sacri­
fice ratio among production possibilities must be 
equal to the price | ratio, which is the choice 
criterion applied by the society of consumers.
For most resources, the pricing mechanism can 
be used as the choice criterion reflecting the wish 
of consumers back to users of the resources. 
Prices can be used conveniently in allocating water 
uses within a single firm, and sometimes between 
firms. For example, the farmer using irrigation 
water may well divert it from corn to alfalfa, if 
consumers cause the price of the first to be de­
pressed and the price of the second to be inflated. 
Or, an industrial firm using water to manufacture 
one product may ‘-give way” to a firm producing 
an entirely different product, if society refuses to 
buy the former but places a price and quantity 
premium on the latter.
However, for many uses of water, the pricing 
system cannot be used as a choice-indicating 
mechanism. The citizens in the lower part of a 
watershed cannot use the pricing mechanism to 
inform farmers in the upper reaches of the water­
shed what relative values they attach to water 
uses and controls. There is but little opportunity 
for the pricing mechanism to be used in diverting 
water from irrigation or power production to 
recreation purposes.
Communities and legislative bodies must find 
other means, where the pricing mechanism is in­
adequate for measuring and reflecting the relative 
value of water in its different uses. These relative 
values or weights must then be compared to the 
production possibilities of water, and a choice of 
uses must be made in line with these two factors.
Priority
Some ordering of priority in water use may be 
quite easy. For example, water use for human 
consumption undoubtedly has highest priority. 
Similarly, control of water to spare human lives in 
flood has high priority. For other alternatives 
where products are moving into the market, the 
rule should be: Use water for the purpose which 
has the highest marginal value product.
The marginal value product can be thought of 
as the amount added to the total product by the
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saddition of one unit of input resource. The mar­
ginal value productivity of water guarantees maxi­
mum use in contrast to average productivity be­
cause it takes into account the facts that (1) 
productivity of water may decrease if too much 
is used for a particular product and (2) consumer 
price may decline if too much of a particular prod­
uct is produced.
Basic economic principles must be given para­
mount consideration in devising legislation and 
physical means of water control and use. It must 
also be pointed out that the prediction of water 
productivity may not be nearly as important at 
this moment in time as it may be 25 years or more 
from now. If changes in consumer preference 
patterns are expected to change materially with 
time, water resources should be used accordingly.
From the principles discussed, it is clear that 
the precedents of other states and regions, such as 
the appropriation and riparian doctrines, do not 
guarantee a selection of water uses which will 
maximize economic welfare of the society of con­
sumers. Generally, taken alone they are too in­
flexible and provide no way to meet the changing 
desires and needs of people.
LEGAL
The law of water rights in the United States is 
based in part upon the common law doctrine of 
riparian rights and in part upon the statutory 
doctrine of prior appropriation. In brief, the 
riparian doctrine gives the owner of land adjoin­
ing a watercourse the right to use the water for 
beneficial purposes on such land. The prior ap­
propriation doctrine accords a prior right to the
Irrigation is one exam ple of an increased use of w ater 
which is creating new legal problems. For many years, 
w ater legal problem s in Iowa were largely concerned with 
drainage and flood control. Now new problem s are a ris­
ing because of greatly increased dem ands upon available  
w ater supplies.
Equitable Distribution of Water Income
The second major condition in water use is an 
equitable distribution of the income or product 
of water. Water is a resource which produces 
want-satisfactions such as human consumption, 
recreation and those derived from the absence of 
floods. Obviously, everyone should share in these 
satisfactions. But an equitable distribution of the 
benefits of water is also needed where the product 
of water is sold in the market and creates income 
which is used to purchase other consumer goods. 
Obtaining a large income from water would be of 
little value if this income were not reasonably or 
equitably distributed.
Hence, legislation must recognize the problem 
of distribution as well as that of allocation if we 
are to have most effective use of water. How dis­
tribution should be done will require careful study. 
It might well be worked out through a pricing 
mechanism to control use in line with supply and 
demand; resulting revenue might be used to pro­
vide general public services for people of the state. 
Of course, certain prior uses for human con­
sumption, recreation, etc., might have to be es­
tablished first as a cornerstone in equitable dis­
tribution. .
ASPECTS
person who first diverts water and puts it to 
beneficial use. The doctrine of riparian rights 
prevails in Iowa, modified to a limited extent by 
some specific statutes relating to water or water 
use.
Water Rights Under Riparian and 
Appropriation Doctrines
The 31 eastern states recognize the riparian 
doctrine with modifications in local situations, 
while the 17 western states generally follow the 
prior appropriation doctrine. Some of the western 
states have both the common law and the ap­
propriation systems.
What Is a Water Right?
A water right is a right in real property under 
the riparian and the appropriation doctrines. It 
is a right recognized by law to use water. Water 
rights are accorded the same protection of the 
law that is given other property rights.
There are no federal laws establishing a pro­
cedure for the acquisition of water rights. Water 
rights are matters of state law, and the Supreme 
Court of the United States has recognized the 
power of each state to adopt its own water laws.
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The Riparian Doctrine
This system had its origin in French civil law 
and was adopted into English common law. The 
states and territories of the United States which 
adopted the English common law adopted the 
riparian doctrine.
Nature and Extent of Riparian Right
Early riparian interpretation limited the use of 
water by a riparian owner to household and 
domestic needs. However, the general rule usually 
prevailing in the United States allows each ri­
parian owner to make such use of water in the 
stream as is reasonably related to the equal 
rights possessed by all other owners of land bor­
dering on that same stream. Equality of rights 
among owners connected to the stream is the 
essence of the doctrine.
The riparian right applies to waters that occur 
naturally in lakes, ponds, sloughs and other 
natural bodies of water, as well as waters running 
in streams, whether the stream is navigable or 
nonnavigable.
The use of water for domestic purposes is pre­
ferred to its use for other purposes, known as 
artificial purposes. Domestic purposes include 
drinking, bathing, cooking and other household 
uses and the watering of the usual number of 
farm animals. The riparian owner may lawfully 
exhaust the stream for domestic purposes, even 
if he deprives all others of their source of supply.
The riparian owner has a right only to the use 
of the water. He does not “ own” the water. He 
gains this right by acquiring title to the land 
bordering the watercourse, even though the deed 
conveying the title makes no mention of water 
rights.
A riparian owner may use the water for such 
artificial purposes as irrigation and other agri­
cultural uses. However, the right must be ex­
ercised with reasonable regard for the corres­
ponding rights of all other riparian owners. The 
right of use by one land owner is equal to that of 
every other owner. The particular conditions that 
exist determine the reasonableness of any use. 
Such conditions include size and character of the 
water supply, number of riparian owners involved, 
quantity of land owned by each riparian owner, 
aridity of the land, kind of crops grown and any 
other factor bearing upon a reasonable sharing 
of the rights.
Right Limited to Riparian Lands
The riparian right attaches only to a tract of 
land that is in actual contact with the stream or 
other source of supply. The right does not attach 
to later additions to the original tract. Also, a
conveyance (transfer of ownership) of part of the 
original tract that is not contiguous to the stream 
may cut off that part from the riparian right. 
Thus, the size of the riparian tract ,can be di­
minished but cannot be enlarged. Land that is 
part of the tract but not in the watershed is not 
riparian land.
Exercise of Riparian Rights
Riparian rights to use water may be exercised 
only by a riparian owner, his tenant or lessee or 
other person having 'a right to the use and pos­
session of the land. The right does not vest in 
a trespasser or an intruder.
The right may be exercised by private or arti­
ficial persons—for example, a governmental body 
or corporation. Though the governmental body 
(e.g., a city) may exercise the right, its rights 
are generally limited in use to the riparian tracts 
actually owned by it.
Diversion and Return of Water
A riparian owner may divert from and return 
to the source any water he can use for a beneficial 
purpose so long as he does not cause material and 
substantial injury to other riparian owners. If the 
riparian owner takes his reasonable share and 
does not commit unreasonable waste, lower owners 
cannot inquire into the method of diversion of the 
water. Inconvenience of the lower owners is no 
basis of complaint; the diversion must cause sub­
stantial injury to their rights. When an owner 
makes such a diversion, he is usually required to 
return the water to its ordinary channel before 
it leaves his land.
Detention
The riparian owner may detain water tempor­
arily if detention is reasonable and necessary for 
beneficial purposes. The facts of each case deter­
mine the reasonableness. In time of scarcity, there 
is no beneficial purpose which will justify storage. 
Obstructions in time of plenty must be of short 
duration.
The fact that the detention causes added loss by 
usual evaporation, seepage and absorption does 
not make it unreasonable. The detention is un­
lawful if it interferes with a use downstream or 
results in flooding of lands upstream. Any dam 
must be constructed and maintained with ordinary 
care. The owner of the dam will be liable for in­
juries caused by his negligence.
Pollution
A riparian owner is entitled to have the stream 
flow by in as pure and wholesome condition as a
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reasonable use upstream permits, and the par­
ticular facts determine what is reasonable. The 
extent of damage caused to the lower owners is 
a big factor in this decision.
Loss of Right
The riparian owner may lose his right by con­
demnation for public use. Adverse use by another 
for the prescriptive period will destroy the right. 
Mere nonuse or abandonment does not cause a 
loss of the right.
The Prior Appropriation Doctrine
This doctrine is based on the maxim “ first in 
time, first in right.” It had its beginning in Cali­
fornia in 1848 and followed the customs and regu­
lations of miners. Public lands were considered 
as belonging to no one, and there was no law 
governing, so the one who first took possession of 
a tract of land was its owner as long as he pos­
sessed it. This rule was also applied to water 
flowing in streams. The first government patents 
to these lands which were issued later provided 
that the conveyances were subject to the vested 
rights which the prior customs and rules had 
established. The • principles and customs which 
originally governed included the concepts of pri­
ority in time of claiming the right, diligence in 
diversion and application of the water to a bene­
ficial use. The rule of priority is now applied to 
the use of water for all beneficial purposes in 
states operating under this doctrine.
How Appropriation Works
Actual diversion of water with an intent to 
apply it to a beneficial use, followed by actual 
application of the water to the use are the es­
sential elements of appropriation.
Most of the western states have adopted ad­
ministrative procedures which provide centralized 
state control over the acquisition and adminis­
tration of water rights. Some states allow ap- 
propriative rights to be obtained either by the 
statutory procedure or by actual diversion, but the 
priority under the statute relates back to the first 
step in making the application, whereas the actual 
diversion method dates back only to the time of 
actual beneficial use.
The statutory method commences with the filing 
of an application to the proper agency. If there is 
unappropriated water, a permit to appropriate 
is issued. When the applicant appropriates and 
makes a beneficial use of the water, a license is 
issued to him showing his appropriated right.
Waters Subject to Appropriation
The state statute or constitution defines in gen­
eral terms the waters subject to the right of 
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the public. Some provisions purport to cover all 
waters in the state, while others include only 
certain classes of water. The right to appropri­
ate storm and flood waters has been specifically 
granted in several states.
Purpose for Which Appropriations May Be Made
Generally speaking, an appropriation may be 
made for any useful or beneficial purpose. The 
purposes are usually not enumerated in the stat­
utes. The particular case determines whether 
the use is beneficial. Appropriators may be au­
thorized to store water as well as apply it to a 
direct and immediate use.
Diversion and Application of Water
There can be no appropriation without an actual 
diversion of the water from its natural source ex­
cept possible watering of livestock and irrigation 
from overflow water. The diversion must be on 
the land of the appropriator or on land over which 
he has acquired a right to locate the diversion. 
Several states allow the condemnation of rights- 
of-way to conduct the diverted water. Diversion 
and conveyance of the water may not cause need­
less waste. ■ The point of diversion may be changed 
if the rights of others are not impaired.
Appropriated water must be put to beneficial 
use with reasonable diligence. This depends upon 
the individual case, but climate, the physical con­
ditions and the amount of waste are important 
considerations. Delays are not condoned if the 
appropriator is personally involved—for example, 
if illness or financial trouble is the cause of delay.
Transfer of Rights
The appropriative right usually passes with the 
land unless specifically reserved in the deed. The 
transfer requires a written instrument because 
the right is real property. Oral conveyances have 
been upheld only on rare -occasions. The ap­
propriative right may be mortgaged, the same as 
other interests in real property.
Loss of Rights
The right may be lost by abandonment, for­
feiture and adverse use. There must be an intent 
to abandon with a giving up of possession and 
cessation of use. Mere nonuse without intent to 
abandon is not enough, although nonuse for a 
long period may be treated as intent to abandon.
There may be forfeiture by noncompliance with 
state laws. Thus, forfeiture may be involuntary 
but abandonment is not.
For adverse use, another party must be in­
fringing on the rights of the appropriator. But 
if the supply of water is sufficient for all, there 
can be no adverse claim.
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Comparison Between Riparian and 
Appropriation Doctrines
In the appropriation system the holder of the 
highest priority is provided with a relatively de­
pendable supply of water. In the riparian system 
supplies may be more or less short for everyone. 
However, there is little likelihood that anyone 
will be entirely cut off during periods of shortage.
In the appropriation system a use must be bene­
ficial but not necessarily reasonable. The riparian 
system places great emphasis upon the reason­
ableness of the particular use. The “nonreason- 
able” requirement has been a drawback to the 
western system, as the maximum beneficial use 
of the existing supply cannot be secured.
Appropriation rights may be lost by nonuse, 
but this is not true in the riparian system.
The appropriation doctrine does not require that 
the land abut the stream or other source of sup­
ply, while the riparian system makes this a neces­
sary requirement to use of the water, unless there 
is enough water for all existing riparian owners. 
This may change at any time so that the non­
riparian owner has at most a temporary right to 
use.
The appropriation system is usually adminis­
tered by a state agency, while with the exception 
of a few statutory changes, the riparian system 
is administered by the courts.
Water Rights in Iowa
The riparian doctrine prevails in Iowa. Its ap­
plication to Iowa water rights is based upon court 
interpretations of “natural watercourse” and “ ri­
parian land.”
Natural Watercourse
The term has been defined very broadly in Iowa. 
If water naturally and habitually follows a certain 
line of flowage, within reasonable width limits, 
the line of flow is a natural watercourse. It need 
not be entirely natural; it can be aided by the hand 
of man. Nor does it need a definite channel or 
bank. An artificial ditch may be considered a 
natural watercourse for some purposes after 10 
years.
Riparian Land
A riparian owner is one who owns land abutting 
a river or other natural watercourse. As noted in 
the general discussion of the riparian system, the 
size of the riparian tract may not be increased.
Interference With the Natural Flow
The Iowa Supreme Court has often held that 
interference with the natural flow is improper.
Several times the court has held that a dam down­
stream caused such a change in the natural flow 
that the upper owners’ rights were infringed. In 
making a reasonable use of the water,t the riparian 
owner may stop the flow with a dam for a short 
time without being liable to other owners. In de­
termining what is reasonable the court looks to 
the extent of the interference, its duration and 
necessity, the nature and size of the stream, the 
uses to which it is put, the extent of injury to 
others and the benefit derived by the interference. 
To give a strict application to the “natural flow” 
conception of riparian rights would eliminate al­
most all beneficial uses of water in streams, so 
the court has chosen to give a less strict inter­
pretation and allow a reasonable interference to 
occur.
The riparian owner may not embank against the 
natural overflow and thrust it upon others to 
their injury. No dam may be built on an Iowa 
stream nor may water be taken from the stream 
for industrial purposes without the permission of 
the Iowa Natural Resources Council. The council 
has discretion to issue such permits when the pub­
lic and private needs are best served. Riparian 
rights and land of owners who will be affected by 
the dam may be taken by condemnation, if neces­
sary. An injured landowner not joined in the con­
demnation proceeding may sue for any injury that 
he has received.
Diversion of Wafer From fhe Stream
A landowner may divert water from a stream 
flowing through his own property if he does not 
diminish its quantity, or impair its quality, as 
long as he returns the water to the stream before 
it leaves his land. Unlawful diversion is a crime 
and abatable as a nuisance. Consumptive use of 
water creates the most problems and is the area 
where actionable damage most likely may arise.
Iowa recognizes that a riparian owner may con­
sume all available water for domestic uses. How­
ever, consumption of water for artificial or ex­
traordinary uses is permitted only if the riparian 
user does not interfere with lawful uses above and 
below on the stream. An artificial use is always 
inferior to the natural or domestic use. The Iowa 
Supreme Court has said that the reasonableness 
of an artificial use must be determined in the light 
of all the circumstances affecting all the propri­
etors on the stream.
Diversion of water to nonriparian land or out 
of the watershed is the same as an artificial use. 
If water diverted out of its natural watershed and 
into a stream flowing by or through one’s land 
causes injury because of the increased water, the 
continued flow may be enjoined.
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The use of water for irrigation in Iowa would 
seem to come under the category of an artificial 
use. Thus, the person irrigating must not un­
reasonably interfere with the rights of all other 
users of the existing supply.
Cities and towns can condemn or purchase water 
for their municipal supplies. Municipal use is an 
artificial use, however, and is subject to the test 
of reasonableness with respect to other riparian 
owners unless their rights have been bought or 
condemned.
Pollution
Pollution of water in a stream, lake or pond in 
Iowa is a crime and a public nuisance. It is sub­
ject to regulation by the State Department of 
Health. Unreasonable pollution is also a private 
wrong to lower riparian owners.
Lakes
Rights of owners of land abutting on lakes are 
similar to the rights of owners of land abutting 
on streams. These are called “ littoral” rights, but 
the difference in name is generally immaterial.
Underground Water
If there is an underground stream, the owners 
of land overlying the stream have riparian rights, 
just as if it were a surface stream. The major 
difference lies in the right to divert water from 
the stream. Since the water usually cannot be 
returned to the underground channels, the right 
of diversion and return does not apply. Domestic 
and artificial use rules do apply.
Where underground water is not in a channel, 
early common law gave full rights to the over- 
lying owner, who could waste the water if he 
desired. The Iowa Supreme Court has modified 
that doctrine and has, held that the overlying 
owner may withdraw any amount that he desires, 
so long as he makes beneficial use of the water 
and does not waste it. Thus, the right to use 
underground water is greater than the right to 
use water flowing in a surface stream. An over- 
lying owner may obtain money damages or an in­
junction against a person who causes contami­
nation of the underground water.
Surface Wafers
Surface waters are described as casual or va­
grant waters following no definite course, of a 
temporary existence, which spread over the ground 
at random and are lost by percolation into the soil 
and by evaporation.
Very little law has developed about beneficial 
use of surface waters. It seems that the land- 
owner has an absolute right to them and may
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make such use as he chooses. Surface water is 
more often considered as a drainage problem and 
treated as a “common enemy” to be fought. A 
land owner may protect his- land from such waters 
with due regard for the rights of his neighbors.
Transfer and Loss of Riparian Rights
Riparian rights pass even though not mentioned, 
to the grantee in the deed transferring riparian 
land. They can be cut off from the land by express 
conveyance. They are not lost by mere nonuse but 
can be lost by prescriptive and adverse use. The 
Iowa Supreme Court has recognized the loss, by 
adverse use, of the right to have a stream flow in 
its natural course.
"Appropriation" in Iowa— The Ice Cases
The Iowa Supreme Court in a limited area has 
recognized an “appropriation” doctrine; that is, in 
the taking of ice from public streams. The court 
has upheld the prior claimant in these special 
cases.
Wafer Legislation in Other States
In recent years, a number of eastern states 
have considered possible solutions to their water 
problems through statutory enactments. This sec­
tion reviews some of the existing and proposed 
legislation in other eastern states.
Existing Water Legislation
For many years statutes have been on the books 
of most eastern states to regulate mill dams. They 
generally provided that permission to construct be 
secured and damages paid for the land flooded. 
They often provided that no dam could be built 
to the injury of any existing dam. Most of the 
statutes still appear, though they have been modi­
fied to apply to dams for manufacturing and other 
purposes.
More recently some states-have enacted legis­
lation relating to: (1) the use of surface and 
ground waters, (2) definitions of various elements 
of the riparian doctrine, (3) permit systems to 
take water for irrigation and other purposes, (4) 
pollution or the intrusion of salt water, (5) main­
taining and replenishing ground water supplies, 
and (6) protecting or regulating such things as 
navigation, public water supply, fishing and recre­
ation.
Many states have established study committees 
to review the state’s water situation and problems 
and to help decide on remedial measures. Some 
states have statutes which generally declare the 
state’s policy that the use of part or all of the 
waters in the state, either surface or ground, or 
both, shall be subject to state regulation in order
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to attain its more beneficial use and conservation, 
and to prevent waste. This policy usually has not 
been followed by any substantial legislation to im­
plement it.
Existing Permit Systems
At the present time, the states of Wisconsin, 
Minnesota and North Carolina, among others, 
have permit systems. A permit is to be obtained 
from a governmental agency if water is to be used 
for certain purposes. Water taken must be used for 
beneficial purposes, but no permit is required if 
less than a certain minimum amount of water 
is to be taken. The administrative water body may 
amend or revoke the permit if it is later deemed 
necessary. In most instances the laws are not very 
definite in setting out the water policy or the 
definition of the “rights” established by the per­
mit.
Proposed Water Legislation
Many of the eastern states have proposed legis­
lation on water rights. Most of the legislation 
applies only to surface streams, with some at­
tention given to surface water not in streams, 
but little attention is given to ground water. The 
legislation represents a partial departure from the 
common law riparian system with a shift toward 
the western appropriation doctrine. All of the 
proposed legislation involves administration by a 
state administrative agency.
Other Considerations
Limited forms of. legislation have been sug­
gested to modify or improve the riparian system 
without adopting a western appropriation system 
on top of the existing system. Virginia has en­
acted legislation providing that diversions can be 
made during high flow for the purpose of storage. 
A statutory definition of some or all of the ele­
ments of riparian rights has been suggested. In 
this case, there may be constitutional difficulty in 
the attempt by any legislature to impair or modify 
existing riparian rights, even though unused.
POSSIBLE SOLUTIONS OF IOWA'S W ATER PROBLEMS
Steps Toward Solution
Iowa is favorably endowed with water, soil and 
climate. Yet Iowa has water problems. The prob­
lem in finding a solution is that of how it should 
be done—not whether it can be done.
The basic elements of the solution of any water 
problem are to determine: (1) where a sufficient 
quantity and quality of water may be obtained, 
(2) how the securing of the water should be 
financed and (3) whether the user has the right 
to use the source. These ingredients are the 
physical, social and legal elements of the “water 
problems.” The solution to each problem has more 
than one answer; the biggest problem is the 
proper choice of answers.
Water has certain characteristics which must 
be recognized at the outset, if the real problems 
are to be faced. These are: (1) Water is being 
used in ever increasing volume; (2) water is a 
sporadic resource—that is, its distribution is not 
consistent; (3) water is migratory and (4) water 
is an economic resource.
To an individual, water is thought of only for 
his domestic needs. To a farmer, manufacturer 
or sportsman it means something different, and 
each limits the scope of its full meaning. This 
adds to the complexity of solutions to the prob­
lem because all interests must be recognized.
The State of Iowa has already spent much time 
and money to solve various phases of water prob­
lems—for example, in the areas of drainage, flood 
control and sanitation, to name a few. Often the 
time and money have been uncoordinated, and 
waste of both has resulted.
The questions that the legislature has attempted 
to resolve in the past are now overshadowed by a 
new question: Who owns the water, and who may 
use it? Water is now more than ever recognized 
as a very valuable and very limited resource.
Any legislation must provide the necessary 
flexibility to attain the most beneficial use we can 
make of our ever shortening supplies. Sound 
flexibility cannot be attained without a fair knowl­
edge of all physical factors involved. A truly 
comprehensive water plan represents at any given 
time the best possible appraisal of the physical 
needs and legal policies necessary to cope with 
the existing and foreseeable future situation. Iowa 
has no comprehensive plan for water development.
The establishment of the Iowa Natural Re­
sources Council in 1949 was the basic step in the 
development of a sound water program. There 
will still need to be much effort and expenditure 
of money to ascertain: (1) the available supply 
of water, (2) its chemical and physical quality, 
(3) the present demands for water, (4) the po­
tential future demands and (5) the location and 
scope of water control problems.
The basic data becomes the tool whereby future 
work is done. The next step is field appraisal to
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ascertain physical practicability of solving some 
of the needs. Out of this evolves the framework 
for individual and group action on water use and 
control. The final stage is the perfection of legal 
provisions needed to carry out the plans. These 
are the so-called “ground rules” and can only be 
made after all other questions are answered.
Iowa’s water problem as yet is not serious, in 
comparison with other areas. However, there is a 
definite need for action while there is still time.
Developing an Iowa Water Policy 
Need for a Water Policy
A water policy for the State of Iowa is a neces­
sary preliminary to any legislation. Policy in its 
simplest form represents our general thoughts 
about where we are, where we want to go, and 
how to bridge the gap. Water is a complex sub­
ject for policy decision. Lack of physical knowl­
edge, legal uncertainty and conflicting interests 
make policy determinations difficult.
No individual can enunciate a water policy. It 
must come as a result of thought and eifort on 
the part of all groups concerned with water. Many 
basic questions vital to water policy will have to 
be answered. These will hinge on the nature of 
rights of use, the amount of water, allocation of 
short supplies, costs of development, the security 
that an individual should have in his investment 
in water, the power of the state to regulate and 
control water use, and many others.
Three preliminary fundamentals to the develop­
ment of a workable water law are: (1) more data 
on physical and economic aspects, (2) data on the 
legal nature of existing rights and (3) agreement 
on what the underlying water policy for Iowa 
should be.
Present Iowa Water Policy
All law is based upon a conception of rightness 
or justice in a moral and political sense. This is 
“policy,” sometimes referred to as the community 
common sense and common conscience extended 
and applied throughout the state to matters of 
public morals, public health, public safety, public 
welfare and the like. The policy of law may be 
set forth in a statute or a case, or it may be im­
plied from the content of a law or a series of laws 
or cases on a given subject. Iowa water policy at 
the present time is a combination of these things.
There is no coordinated Iowa water policy. 
Rather there is a series of laws that have estab­
lished specific policies about limited areas deal­
ing with water. All of these specific policies 
more or less add up to our Iowa water policy. It 
is an important task to try to put all of these pro­
visions and implications together to formulate a 
statement of present Iowa water policy.
Future Policy
Any future policy action must take one of three 
courses. We can continue the present policy. We 
can discard it and adopt a new policy. Or we can 
take the present policy and develop it in the light 
of the future. The time to establish a water policy 
for the State of Iowa is now.
Policy decisions come from full and frank dis­
cussion of problems by all the people. They must 
know all the facts. They must know the choices 
that are available. They must know the conse­
quences of each choice. A sound water policy and 
workable water law for the State of Iowa can 
come only from hard decisions based upon full 
knowledge of the facts and full understanding 
of water problems.
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